Introduction The article aims to evolve the base for fuel consumption optimization (FCO) in Indian air transport industry. The objective of this paper is to design the methodology and to develop five facet model of fuel consumption optimization (FCO). Limited researches have been conducted to explore influencing factors for FCO in air transport industry. To fill this gap, this study proposes the model of FCO, and investigates key factors affecting FCO. Methodology The research steps included exploratory factor analysis, confirmatory factor analysis, and testing of structural model. In the first stage exploratory factor analysis (EFA) was used to provide the grouping of variables underline the complete set of item based upon the strong correlation. In the second stage, a confirmatory factor analysis (CFA) was used to specify and estimate of one or more hypothetical models of factor structure, each of which propose a set of latent variables to account for covariance within a set of observed variables. In the third stage, we used the Structural Equation Modeling (SEM) technique and empirically tested the relationships between fuel consumption optimization and aircraft operations Conclusions and future work This study has provided empirical justification for the proposed research framework which describes the relationships between FCO and its dimensions. This has developed an integrated model of FCO, with the purposes of identifying the key factors affecting the FCO. The knowledge of relationship among variables can lead to frame objective function, constraints, and set of equations pertaining situations with regard to Indian scenario. To constitute the equations the data of identified critical factors with regard to Indian scenario can be utilized which will lead to develop optimization based model for fuel consumption that leaves the scope for further study. This study produces the results which represent the base for optimum solution of fuel consumption on which future researchers can target.
technological reasons. Due to the adaption of the open sky policy in 1990 and several other liberalization policies by the Indian government causes the rapid changes and rapid transformation in the airline industry. The Indian civil aviation too is presently witnessing a boom with a host of private airlines taking to the skies. Beside this growth the Indian airline industry also facing some of the major challenges like high aviation turbine fuel prices, overcapacity, huge debt, poor infrastructure, employees' shortage, reserve routes and intense competition [1, 2] . After the liberalization in Indian civil aviation industry increased airlines choice, reduced fares, and increased routes were the major advantages. But the most restricted industry faced the some serious problem after liberalization and these were infrastructure bottleneck, traffic jam, taxation policy, and productivity [3] .
Indian civil aviation has experienced a greater growth rate since middle of the past decade and the domestic traffic tripled from approximately 15 to 45 million passengers in the period between 2004 and 2010. Global aircrafts fuel consumption is expected to rise by 3 % to 3.5 % and reach between 461Mt and 541Mt in 2036. Domestic and international operations accounts for 38 % and 62 % of global fuel consumption respectively. Due to higher rate of growth in air transportation network in India resulted in increased fuel consumption of ATF and it went up by about 40 % from 3.3 Mt to 4.6 Mt between 2005 and 2010 [4] . Figure 1 shows trends in fuel consumption of aviation turbine fuel (ATF). It shows continuously increased fuel consumption from 1970 to 2010 and 3.86 % growth rate of 2009-10 over 2008-09 [5] .
Escalating fuel prices is the challenge for the Indian airline. ATF rise has direct impact on the airline industry in India. Economy of a country largely depends on fuel prices. Increases in fuel prices affect the airlines in two ways; direct impact on the operating cost, and declines the demand for air travel and air cargo. Figure 2 shows the ATF Prices at 4 metros including sales tax for domestic airlines and Fig. 3 shows the ATF Prices at 4 metros excluding sales tax for international airlines are as under [Sales Tax is not applicable to international airlines] [7] . Figure 4 shows comparison of ATF rates (Rupees/KI) from 2004 to 2007. It showed that the ATF rates of Indian airline are higher than the Bangkok, Singapore, Kuala Lumpur, and Sharjah airlines [9] .
Aviation turbine fuel (ATF) is one of major direct operating cost parameter in the air transport industry [10, 11] . Airbus [12] predicted that in 2003, fuel represented about 28 % of total operating cost for a typical A320 family operator. By 2006 fuel prices had more than doubled, meaning that fuel now represented about 43 % of all operating costs. According to Majka et al. [13] at one time fuel extraction cost and availability had little impact on the evolution of aviation industry but today fuel conservation is one of most critical concern to aviation industry [13] [14] [15] . Economy of a country largely depends on fuel prices. Increases in fuel consumption affect the airlines in two ways; direct impact on the cost of operation, and decline in demand for air travel and air cargo. Today most of the airlines are struggling to keep their financial viability and facing operational difficulties. Therefore in such a highly competitive environment in order to reduce the direct operating cost of an aircraft, the optimization of fuel consumption is essential. Optimization of fuel consumption in aviation industry will further help in economic and social development, reduce the fuel consumption, conserve the aviation fuel, enhance the efficiency of aviation operations, and reduce the cost of air travel. Many research studies are going on for the optimization of fuel consumption in aviation industry but these study deals with separate aspects like optimized design, optimized operations, alternative fuels, and aviation infrastructure etc. several model have been proposed and some study suggests the fuel saving & conservation measures. While the researchers have made the significant effort on new technology & product design, optimized operations, and alternate fuels etc. for the optimization of fuel consumption in aviation industry, certain important issues remain unexplored. But a collectively effort is still needed to blend all these aspects in a customized manner [14, 15] .
Therefore this article aims to bridge this research gap and therefore evolves a base which could be utilized for optimizing fuel consumption exercise. This study aims to evolve the set of variables for FCO and explore relationships among them with respect to FCO. Summarily, this study attempt to identify, evaluate and governs the relationships among the decision variables that affect fuel consumption with regard to Indian air transport. It will act as a base to the development of model for FCO. [5] The content of this paper is organized as follow: First an integrated model of FCO is constructed to explore what influence factors affect FCO and how that influence is exerted which is discussed in Section 2. Section 3 discusses the construct measures and sampling techniques adopted in this study. Section 4 discusses the results and findings of EFA, CFA, and structural equation model. Finally, the conclusions, limitations and future research directions are provided in Section 5.
Proposed model and theoretical background

Proposed model of fuel consumption optimization (FCO) in air transport
In the highly competitive environment in order to reduce the direct operating cost of an aircraft, the optimization of fuel consumption is essential. Optimization of fuel consumption in aviation industry will further help in economic and social development, reduce the fuel consumption, conserve the aviation fuel, enhance the efficiency of aviation operations, and reduce the cost of air travel. Progresses in literature related to fuel consumption have been started since after 1973-74 Arab oil embargoes. After 1970s oil crises fuel conservation and efficiency became the main focus of the aviation industry. And in light of the aforementioned issues pertaining to the fuel consumption in commercial aviation where we observe contrasting trends, it means best possible use of fuel, complying with availability and environmental concerns and at the same time sustaining the growth of the sector.
Literature suggests that fuel consumption belongs to the individual areas of the airline industry. Studies [6, , indentifies the: Aircraft technology & design, aircraft operations, alternate fuels & fuel properties, social-economic & political, aviation infrastructural as the potential areas effecting the fuel consumption in the aviation industry.
To illuminate the interrelationship between the identified factors and FCO, a theoretical model of FCO is proposed (Fig. 5) [42] developed the fuel management models and all these models resulted in fuel saving. R. R. Covey [43] explained the operational energy conservation strategies in commercial aviation, he explained the twelve fuel conservation strategies and these strategies were resulted in fuel saving. Henry S. L. Fan [44] discussed the fuel conservation during the ground operations. He discussed the fuel saving during single engine taxiing, and towing the aircraft between terminal area and runways. Raffi Babikian [34] , Filippone [45] , Joosung Lee [31] explored the operational parameters which effect the aircraft fuel consumption. These studies suggest that aircraft operations have the significant impact on the fuel consumption optimization. On the basis of this the first hypothesis is proposed:
H1 (AO)-There is a positive relationship between aircraft operations and FCO
Aircraft technology & design
Today technology development is going on at a rapid rate and we can effectively make use of this technological revolution to reduce the fuel consumption of a commercial aircraft. Improvement in aircraft fuel efficiency depends upon the design of the engine and airframe products. Aircraft design has long been recognized as one of the most difficult and challenging problems in aviation industry. This study tries to review the aircraft design & technology parameters which effect the fuel consumption. David L. Greene [22] examined the technological potential to improve commercial aircraft energy efficiency and suggested that the fuel consumption reduction is possible by reducing the drag and weight of aircraft. Greene pointed out some major improvement in the fields of engine efficiencies, aerodynamic, and structural changes of aircraft. Lee [30] and Raffi Babikian [34] studied the technological influence on the energy usage on the basis of engine efficiencies, structural technology, and aerodynamic efficiencies. Evolutionary developments of engine and airframe technology have resulted in a positive trend of fuel efficiency improvements. Design features are generally related to the products and aircraft configuration. The merging technology and design feature finally leads to the fuel consumption optimization. New material technology has also high impact on fuel consumption. The reduction of aircraft weight can be achieved by the introduction of new material technology and advance structural design. For an aircraft a lot of energy is wasted in overcoming the resistance offered by the ambient air during the flight. This resistance is termed as drag. An efficient design can reduce the amount of drag and thus reduce the fuel consumption of the aircraft. To deal with the improvement of external design of the aircraft to reduce the drag, a field of science called aerodynamics comes in picture. Aerodynamics is extensively used in the design of an aircraft. An aircraft can be designed for high speed or low speed. A high speed aircraft comes with a high fuel usage and a low speed aircraft with low fuel usage. For slow speed aircrafts larger wing area is required to produce the necessary lift which in turn increases the frontal cross sectional area leading to an increase in drag. Therefore an optimum balance is required in such situation to increase the fuel efficiency. To achieve this optimum balance, design of the aircraft should have good aerodynamics. Propulsion technology used in the aircraft is also one of the major factors deciding the efficiency of the aircraft. More efficient turbofan engines can reduce the fuel usage. A lot of research is going on to improve the design of the turbofan engines used in aircrafts for the efficient utilization of the fuel. An aircraft designer faces many tradeoffs for example, there is tradeoff between fuel and time, tradeoff between cruise performance and takeoff and landing performance [8, 46] . Pant and Fielding [47] studied the aircraft configuration and flight profile optimization using simulated annealing and resulted fuel saving. Similar Antoine & Kroo [48] , Ryan P. Henderson [49] , Alonso et al. [8] and Vankan et al. [36] studied the aircraft design optimization and resulted in fuel consumption reduction. These studies develop a technology & design framework for fuel consumption optimization. Thus, we hypothesize that:
H2 (ATD)-There is a positive relationship between aircraft technology & design and FCO
Socio-economic, & political
Aviation is the fastest growing sector of economy. It provides the number of social and economic benefits. There are many social, political, and economic factors which effect the airline fuel consumption optimization. If these factors are carefully managed then significant amount of fuel can be saved. These factors includes the ways of airline operations, training , maintenance , reservation, fuel prices, ticket prices, taxes, aircraft scheduling, planning , routes, labour, airways , and social awareness etc. The work is going on; scheduling, collusion among the competitor, route swapping, labor flexibility etc. but most of these factors remains largely unexplored. These factors sometimes may be individual and sometime blend of one another. These factors affect the fuel consumption to greater extent e.g. schedule smaller, older aircraft which may burn less fuel, probabilistic tanning planning also saves the fuel. Also the rise in fuel prices and taxes reduces the fuel consumption. The social, political, and economic factors needs to be expressed convincingly which will provide the input for optimal fuel consumption in airline industry. John W. Drake [29] studied the fuel saving measures and constraints in airline fuel optimization of airline operation, training, maintenance and reservation policies, scheduling, planning and routes, airways and labour. He also explained, how the Government approved collusion among the competitor for route swapping and labour flexibility. All these measure were for the reduction of fuel consumption. All these measure were for reducing fuel consumption. Mazraati and Alyousif [50] explained the effect of jet fuel prices, airline ticket prices on the fuel consumption and travel demand. Joosung J. Lee [31] suggested the social pressure and public awareness for fuel burn and emission reduction. Austin & Hogan [51] optimized the procurement of aviation fuel for defense industry. D. N. Dewees and L. Waverman [21] studied the recent government policies and fuel taxes for the fuel conservation of airline and transport sector. Based on the above analysis, the third hypothesis can be enunciated as follow:
H3 (SEP)-There is a positive relationship between socioeconomic & political issues and FCO
Aviation infrastructural area
Aviation infrastructure also plays an important role in fuel consumption optimization. Infrastructure improvements present a major opportunity for fuel consumption reduction in aviation. Airport congestion and improper air traffic management increases the fuel consumption. Airport congestion occurs whenever the actual traffic demand is greater than what the system can handle without the delay. Better airport design and route redesign can also reduce the fuel consumption. A new form of Air Traffic Management is being introduced, with the aim of redesigning routes around the performance of the flight, managing the optimized use of airspace. Scientists and aviation experts worldwide are investigating improved air traffic management, route redesign, better airport design, and fuel acquisition to reduce the fuel consumption. David A. Van Cleave [52] suggested the reduction in the level-offs of terminal airspace and using cross runways in the airports for reducing the fuel burn. Anderson R. Correia [53] suggested that the airport's design, influences the aircraft fuel consumption in maneuvering on the airport between the runways and terminals. Kazda & Caves [54] suggested that the optimum design of taxiways reduces the fuel consumption of aircrafts. All these studies explore the several parameters effecting the aviation fuel consumption. Senzig et al. [55] modeled the terminal area fuel consumption and resulted in fuel consumption reduction. Based on the above another hypothesis is put forward as follows:
H4 (AI)-There is a positive relationship between aviation infrastructural area and FCO
Alternate fuels & fuel properties
Aviation alternative fuels can also play an important for the optimization of aviation fuel consumption. Since the energy crises of 1970s, all the aircraft companies, aviation sectors, engine companies, and other government organization are working for practicality of using alternative fuel in aircraft.
A viable alternative aviation fuel can stabilize fuel price fluctuation and reduce the reliance from the crude oil. Due to the high growth rate of aviation sector, supply security of fuel, and environmental impact of fuel has caused the aviation industry to investigate the potential use of alternative fuels. But now due to increase of oil prices and fuel consumption the research in this field has been became important. Jet fuel is going to deplete sooner or later, therefore we are looking for alternative fuels. Today numbers of flying aircrafts and fuel consumption has been doubled and it is difficult to maintain the future crude oil demand. Therefore it is essential that alternatives to crude oil be developed to reduce the fuel consumption and fuel prices. There are numbers of alternative fuel options for aviation such as synthetic liquid fuels, bio-jet fuel, ethanol, fuel and hydrogen. The most likely alternatives for aviations are those which are having similar properties like conventional fuel. Jet fuel should be very energy dense because the aircraft has limited volume and weight capacities. The fuel having less energy content reduces the aircraft range. High volumetric energy content maximizes the energy that can be stored in a fixed volume and thus increase the flight range. Aviation fuel also needs to be thermally stable, to avoid freezing at low temperature and to satisfy other requirement in term of ignition properties, surface tension, and compatibility with the aviation material. Best alternative fuel amongst the alternative fuels can be compared on the basis of compatibility with current systems, fuel production technology, chemical, physical, and thermal properties of fuel. This study tries to identify the various aviation alternative fuels of present term, midterm, future fuels, and their properties which effect the fuel consumption in aviation industry. N. Veziroglu and F. Barbir [37] compared the hydrogen with conventional and unconventional fuels, and concluded that hydrogen has the best characteristic and Robert O. Price [56] explained the potential of liquid hydrogen relative to conventional jet fuel. Edwards [57] described the composition and selected properties of kerosene fuel for use in aerospace application. Military jet fuels JP-5, 7, 8 and T-6, commercial jet fuels jet A, jet A-1 and TS-1, and kerosene rocket-propellants RP-1 and RG-1 were discussed. The properties which were studied include the approximate formula H/C ratio, boiling range, freeze point, flash point, and specific gravity. He also calculated the heat of formation of these fuels. Kazuhiro Tsuchida [32] , Daggett et al. [58] , Hileman et al. [59] Table 1 shows the studied literature for the proposed hypotheses.
Research methodology
Sample and data collection
A survey instrument was developed in order to test the research model. Although the items and questions in the proposed questionnaire were adopted from existing studies, the questionnaire was pre-tested with several senior academicians and experts from aviation industries to ensure that the wording and format of the questions were appropriate. The data for this study were collected via a questionnaire survey. It was distributed to the 503 respondents and 257 was completed and returned. The responses rate was 51 % and out of 257 respondents 38 questionnaires were excluded due to missing data. So numbers of valid sample were 219. The 118 respondent were from education and research institutes and 101 were from aviation industry. The respondents were the senior's official, practitioners of aviation industries and top educational institutes of India and world. We used convenience sampling method for distributed the questionnaire.
Construct measures
In total, 31 questions were used to measure the six constructs. Since the six constructs in the proposed model of FCO are latent variables, observed variables are designed as survey instrument to measure the six constructs. Content validity was ensured through a comprehensive review of the literature and interviews with practitioners [105] [106] [107] [108] and discussion number of researchers and experts of fuel optimization. Responses to the questions were based on a five-point Likert scale, ranging from 1= strongly disagrees to, 5= strongly agree).
Research steps
Based on the studies of Chin-Shan Lu et al. [106] , Koufteros [109] , Koufteros et al. [110] and Gerbing et al. [111] our research steps included exploratory factor analysis, confirmatory factor analysis, and testing of structural model. In the first stage exploratory factor analysis (EFA) was used to provide the grouping of variables underline the complete set of item based upon the strong correlation [106, 110] . EFA assesses the construct validity during the initial development of an instrument. After developing an initial set of items, researchers apply EFA to examine the underlying dimensionality of the item set. Thus, they can group a large item set into meaningful subsets that measure different factors. The primary reason for using EFA is that it allows items to be related to any of the factors underlying examinee responses [112] . Here EFA using principal component analysis (PCA) with varimax rotation were used on five (AO, ATD, SEP, AI, and AFP) constructs of FCO. PCA is a method of data reduction. Exploratory techniques can help us to develop the hypothesized models and that can be tested using confirmatory factor analysis (CFA).
In the second stage, a confirmatory factor analysis (CFA) was used to specify and estimate of one or more hypothetical models of factor structure, each of which propose a set of latent variables to account for covariance within a set of observed variables [109] . Several researchers have suggested the use of CFA with a multiple-indicator to access the unidimensionality. Unidimensionality refers to the existence of the single constructs underlying a set of measures (Gerbing et al. [111] ).
In the third stage, we used the Structural Equation Modeling (SEM) technique and empirically tested the relationships between fuel consumption optimization and aircraft operations (AO), aircraft technology & design (ATD), socialeconomic & political (SEP), aviation infrastructural (AI), and alternate fuels & fuel properties (AFP). SEM is a multivariate technique that allows the simultaneous estimation of multiple equations. It is also a statistical modeling technique that can handle a large number of endogenous and exogenous variables and, therefore, explain the entire set of relationships [113] .
Results and findings
Exploratory factor analysis and results
Exploratory factor analysis (EFA) was used to provide the grouping of variables underline the complete set of item based upon the strong correlation [106, 110] . EFA assesses the construct validity during the initial development of an instrument. After developing an initial set of items, researchers apply EFA to examine the underlying dimensionality of the item set. Thus, they can group a large item set into meaningful subsets that measure different factors. The primary reason for using EFA is that it allows items to be related to any of the factors underlying examinee responses [112] . Principle component factor analysis (EFA) with varimax-rotation was performed on five FCO constructs in order to extract the dimension underlying the each construct. The EFA of 30 items were loaded into the 5 FCO dimensions (Aircraft operations-7 items, Aircraft technology & design-7 items, alternate fuels & fuel properties-4 items, social-economic & political-5 items, aviation infrastructural-7 items). Table 2 shows the result of EFA, and reliability analysis.
Corrected item-total correlations (CITC) were used to check the consistency of the score with the average behaviour of the others [114] . A small correlation value indicates that item is not measuring the same construct as measured by the others and so it can be neglected. Item not having the CITC and factor loadings above 0.5 were the candidates for deletion [106, 108, 113] . The items AOG, ATDA, SEPC, AIF, and AIG had CITC, and factor loadings less than 0.5 were removed from the scale. Eigen-values and % of variance for each constructs are shown in the Table 1 which were above the 1 and 60 % [113] . Bartlett test of sphericity provides the statistical significance that the correlation matrix has significant correlations among at least some of variables. Bartlett test of sphericity the significant values for all the constructs (Table 1) were less than the 0.05 the minimum limit. KaiserMeyer-Olkin (KMO) measure of sampling adequacy was used to access the suitability of respondent data for factor analysis. KMO measure provides a measure of extent to which variables are belong together and thus appropriate for factor analysis [115] . KMO measure of sampling adequacy values for constructs; AO=0.877, ATD=0.902, SEP=0.837, AI= 0.857, and AFP=0.790 all the values were exceed the minimum limit 0.50 [113] . Final five factor model was estimated with remaining 25 items. The reliability of the measurements in the survey was tested using Cronbach's alpha (α). Reliability coefficients (α) of each of dimensions were as follows: aircraft operations (6 items, α=0.911), Technology & design (6 items, α=0.935), socio-economic & political (4 items, α=0.906), aviation infrastructure (5 items, α=0.918), and alternate fuels & fuel properties (4 items, α=0.812). According to Hair et al. [113] and Cortina [116] the value of Cronbach's alpha > 0.70 goes uninterrupted. As the Cronbach's alpha (α) value ranged from 0.829 to 0.925, so all the factors are accepted and reliable [117] .
Confirmatory measurement analysis of FCO
The focus of the confirmatory study is the assessment of measurement properties and a test of a hypothesized structural model using the validation sample of 219 firms. Confirmatory factor analysis (CFA) was performed on the entire set of items simultaneously (6 constructs and 26 items). CFA was used to test the adequacy of the measurement model. CFA involves the specification and estimation of hypothesized models of factor structure, with a correlation matrix to test the convergent validity of the constructs in subsequent analyses and other fit indices [106, 109, 113] . The confirmatory factor analysis (CFA) approach has overcome the limitations of the exploratory factor model in which only the basis of theories were analyzed, but CFA informs about (1) which pairs of common factors are correlated, (2) which observed variables are affected by which common factors, (3) which observed variables are affected by an error term factor, and (4) which pairs of error terms are correlated [106, 118] . Here CFA using Amos 20 was employed (a software package for SEM) to test the measurement model. According to Hair et al. [113] for the construct validity the individual standardized factor loading should be at least 0.50. From Table 3 it is clear that our standardized factor loadings for all the items exceed the minimum value of 0.50. Convergent validity can be assessed by examining the loadings and their statistical significance through t-values. In the AMOS text output file, the t-value is the critical ratio (C.R.), which represents the parameter estimate divided by its standard error. A t-value greater than 1.96 or smaller than −1.96 implies statistical significance ( [106, 119] ; Segars and Grover [120] ). Here all the t-values exceed the minimum limit 1.96 at the 0.001 level of significance. Convergent validity can also be assessed by average variance extracted (AVE). Table 3 shows that the AVE are ranging from 0.53 to 0.84, so all values are above the recommended 0.50 level [121] , indicating that the convergent validity for the measurement model is confirmed.
The item reliability (R 2 ) can be used to estimate the reliability of a particular observed item [109] . R 2 values above 0.50 provide evidence of acceptable reliability [122] . From table all the values of R 2 are higher than the minimum limit 0.50 expect the items AOC, and AFPA but these values are very nearer to 0.5 so they were not eliminated from the model. The composite reliability is calculated by the formula provided by Fornell and Larcker [121] and here from Table 3 the results ranging from 0.91 to 0.96 exceed the critical value of 0.70 recommended by Hair et al. [113] . Therefore the composite reliability is confirmed.
Discriminate validity is examined by comparing the squared correlation between each pairs of constructs with average variance extracted. Discriminate validity is extent to which a construct is truly distinct from other [113] . Discriminant validity exists if the items share more common variance with their respective construct than any variance that construct shares with other constructs. The AVE for a construct should be substantially higher than the squared correlation between that construct and all other constructs [109, 121] . Table 4 shows that the highest squared correlation was observed between aircraft technology & design and aircraft operations and it was 0.315. This was significantly lower than their individual AVEs. The AVE for the latent variables was 0.73 and 0.72, respectively. The results have demonstrated evidence of discriminant validity for the study constructs (Table 4) .
From the above results it is cleared that the measures are unidimensional, in which each item reflecting one and only one underlying construct [122, 123] . In sum, the overall results of the goodness-of-fit of the model and the assessment of the measurement model lent substantial support to confirming the proposed model.
Evolution of model using SEM
After the proposed model had been purified during the CFA, next the structural model of FCO and hypothesized relationships are tested, with maximum likelihood estimation method & covariance matrix, and 26 measurement items used as input. Figure 6 shows structural model with five first-order correlated latent factors. Here V1 TO V26, ξ1 to ξ5, e1 to e26, represents the measured variables, latent factors, and measured variable residuals. δ1 represents the prediction error associated with latent factor (η). Variances and covariance are represented by latter C (e.g. Cξ1 represents the variance of latent construct ξ1 and Cξ1ξ2 represents the covariance between the latent construct ξ1 and ξ2). In Fig. 6 , ηξ1 to ηξ5 indicated the structural effects from one latent variable to another (e.g. ηξ1 indicated the path from ξ1 to η) and ξV denotes the path loadings (e.g. ξ1V2 denote the path loading from to item V2 from ξ1). From the studies of Joreskog [124, 125] , Fornell and Larcker [121] , Bentler and Dudgeon [126] Mueller and Hancock [127] and Koufteros et al. [128] it is interpreted that this hypothesized model consists of two sets of equations structural equations and measurement equations. Table 5 shows structural and measurement equations implied by the path diagram in Fig. 6 .
The results of the hypotheses testing indicate a good fit between the model and the observed data ( Table 6 ). The The ratio of χ 2 over df has been recommended as a better measure of goodness-of-fit. A better level of the χ 2 /df ratio should be < 3. The χ 2 /df ratio of our model was 1.285. The pvalue=0.001 yielded statistically significant p-values [113] . This provides evidence of model fits as the hypothesized model can represent adequately the observed data. According to Judge and Hulin [129] the GFI should not go lower than 0.80. GFI and AGFI had the values 0.895 and 0.865 which are acceptable [106] . The NFI [130] and CFI [131] were also used, for investigating the best fitted model. These indices should not go lower than 0.90 and here the values of NFI and CFI were 0.924 and 0.982 which indicates towards good fit. TLI, RMR and RMSEA are also within the limits as suggested by Hair et al. [113] , Katos, A.V. [132] , Hart, P.M. [133] , Hu and Bentler [134] , Fan et al. [135] , Bentler and Bonett [130] , James B. Schreiber et al. [136] . It can be concluded that these values meets the requirement of acceptable model. Table 6 and Fig. 7 shows the analysis of path coefficients with FCO. An analysis of standardised path coefficients' reveals the directions and significance of the hypothesized relationships among the five influence factors and FCO.
In H1, it is hypothesized that aircraft operations (AO) have a significant and positive impact on the FCO. The results show (Table 6 and Fig. 7 ) that H1 is strongly supported as shown by the standardized coefficient of, β=0.333 at a significance level of less than 0.01. In H2, it is hypothesized that aircraft technology & design (ATD) have a significant and positive impact on FCO. The results show that H2 is supported (β=0.477; p<0.001) and ATD have a higher effect on the FCO compared to the AO. H3 suggest that social-economic, & political issues (SEP) have a significant and positive impact on FCO, which is confirmed by the estimates of β=0.168; p<0.05. H4 predicts that aviation infrastructure (AI) have positive and significant effect on FCO which is confirmed The emerging technology and design feature finally leads to the fuel consumption optimization. New material technology has also high impact on fuel consumption. The reduction of aircraft weight can be achieved by the introduction of new material technology and advance structural design. By adopting new technology and design Indian air transport industry can reduce the fuel consumption. Operational improvements increase the performance of any of the aircraft. Airline efficiency can be increased by managing the aircraft operations properly. Through proper flight planning aircraft fuel consumption can be reduced. A viable alternative aviation fuel 
V24=(ξ5V24) ξ5+e29 AFPB(V25) V25=(1) ξ5+e28 FCOA(V26) V26=( ηV26) η+e31 FCO(η) can stabilize fuel price fluctuation and reduce the reliance from the crude oil. There are many social, political, and economic factors which effect the airline fuel consumption optimization. If these factors are carefully managed then significant amount of fuel can be saved. Indian air transport industry is also lacking in the infrastructural area. Aviation infrastructure also plays an important role in fuel consumption optimization. Infrastructure improvements present a major opportunity for fuel consumption reduction in aviation. This study has several implications. It is one of the few studies which attempts to investigate if there is a relationship between FCO and its five factors. In the past, these factors and their relationships have not discussed combined yet. This finding will help decision makers in aviation industry to know the importance of FCO and their factors. The decision makers can also prioritize the factors of FCO on which their firms should focus in order to improve their fuel economy. Decision makers should therefore continue to improve their aircraft technology & design because it had the strongest effect. The merging technology and design feature finally leads to the fuel consumption optimization. This study has developed and validated a multi-dimensional construct of FCO, which can assist decision makers of Indian air transport industry and other aviation industries to evaluate their fuel economy.
This study has offered critical factors that affect fuel consumption with regard to Indian air transport industry. Moreover the study exhibited the model that shows relationship among these critical factors (AO, ATD, SEP, AI, and AFP) with respect to fuel consumption. This knowledge can lead to construct the customized optimization model for fuel consumption. The knowledge of relationship among variables can lead to frame objective function, constraints, and set of equations pertaining situations with regard to Indian scenario. To constitute the equations the data of identified critical factors with regard to Indian scenario can be utilized which will lead to develop optimization based model for fuel consumption that leaves the scope for further study. This study produces the results which represent the base for optimum solution of fuel consumption on which future researchers can target.
Limitations and future research
The first limitation of this study was that distributions of our questionnaires were based on convenience sampling. Future research should apply different random samples for more generalisations of the results. There might other factor influencing FCO, in the future research we will integrate these factors for generating more precise understanding of factors influencing FCO. Further we hope our work will serve its intended purpose by its industrial implementation and will actually help optimize aviation fuel consumption. A general approach that can be used to achieve the goal i.e. optimized values of fuel consumption variables is by selection of testing aircraft, data collection from flight manual, training of neural network , fuzzy logic and implementation & generalization of these for fuel consumption calculation. The feasibility of this generalized approach and its actual implementation will be scope for further investigations in this area.
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